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group (41.7% vs. 16.0%, p< 0.05). Concerning
patients treated with BD, significantly more pa-
tients attained good recanalization and signifi-
cantly more patients were ambulatory (mRS
score 0-3) than those treated with intra-arterial
fibrinolysis alone (76.7% vs. 41.9%, p< 0.01;
70.0% vs. 41.9%, p< 0.05, respectively). A signif-
icantly lower dose of UK was used, and relative-
ly less intracranial haemorrhage was seen in pa-
tients treated with BD than those treated with in-
tra-arterial fibrinolysis (194,000 ± 191,000 units
vs. 388,000 ± 231,000 units, p= 0.001; 16.7% vs.
38.7%, p = 0.055, respectively). Concerning mor-
bidity and mortality of BD, there was one death
caused by dissection of the M2 portion of the
middle cerebral artery (MCA) that happened
during BD on a distally migrated embolus.

Although no conclusions can be drawn from
our study, a favorable outcome for acute em-
bolism of the major cerebral arteries is expected
by attaining good recanalization. In addition,
BD is an effective technique that can achieve
high-grade recanalization alone, or reducing the
dose of fibrinolytic agent.

Introduction

As the most devastating type of ischemic
stroke, cerebral embolism has been the major
target of treatment at acute care stroke centers
for the last decade. In 1996, based upon the
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This study evaluated: 1) the effect of recanal-
ization on changing clinical outcome, 2) the re-
lationship between dose of Urokinase (UK) and
incidence of recanalization and intracranial
haemorrhage, and 3) the efficacy and feasibility
of balloon disruption (BD) in the treatment of
acute cerebral embolism.

Sixty-one patients with acute embolism of the
major cerebral arteries treated by endovascular
approaches over the past nine years were retro-
spectively evaluated. Among them, 30 cases were
treated by BD alone or in conjunction with in-
tra-arterial fibrinolysis in the last five years. The
other 31 cases, mostly treated in the first four
years, were treated with intra-arterial fibrinolysis
alone and were used as controls to evaluate the
efficacy of BD. Control angiography was per-
formed just after the reperfusion procedure to
evaluate the degree of recanalization. Angio-
graphic responses were graded using modified
Thrombolysis in Myocardial Infarction (TIMI)
criteria. Clinical outcome was evaluated using
modified Rankin Scale (mRS) score at the time
of discharge.

Thirty-six of the 61 patients (59.0%) achieved
high-grade recanalization (TIMI grade 3). Sig-
nificantly more patients attained favorable out-
come (mRS score 0-1) in the high-grade recanal-
ization group than the low-grade recanalization

Endovascular Treatment of Acute
Embolism of the Major Cerebral Arteries
The Value of Balloon Disruption of the Embolus

S. OTA, T. OTA, K. GOTO, I. INOUE, T. OTA
Departmental and institutional affiliation
1-5: Brain Attack Center Oota Memorial Hospital, Fukuyama, Hiroshima; Japan

Key words: cerebral embolism, ischemic stroke, reperfusion therapy, angioplasty, fibrinolysis



Endovascular Treatment of Acute Embolism of the Major Cerebral Arteries S. Ota

214

study conducted by the National Institute of
Neurological Disorders and Stroke (NINDS),
intravenous administration of recombinant tis-
sue plasminogen activator (rt-PA) was ap-
proved by the FDA for acute cerebral stroke
within three hours after onset 3. However, to
date, only a small proportion of acute stroke
patients have been treated by intravenous rt-
PA(15). The major reasons for this are the short
time-window and limited efficacy. Also, iv rt-PA
cannot recanalize large emboli lodging in ma-
jor intracranial arteries, judging from the rela-
tionship between NIHSS scale and clinical out-
come at three months shown in the NINDS
study. PROACT I and II, randomized control-
led studies, have shown the efficacy of intra-ar-
terial UK injection for acute MCA occlusion
with TIMI grade 0-1 1,8,9. The median time
elapsed before the initiation of the therapy was
5.3 hours. These studies showed that even late
after symptom onset, there is a hope for clinical
improvement. However, the degree of recanal-
ization shown by PROACT II is far from satis-
factory; one-third of patients failed to show ar-
terial recanalization and complete recanaliza-
tion (modified TIMI grade 3) was seen only in
17.6% of cases (19/108). In addition, the inci-
dence of intracranial haemorrhage with clinical
deterioration is as high as 10.2% (11/108).

With advancement of balloon technology,
there has been increased interest in mechanical
recanalization of major cerebral artery occlu-
sion 19,21,23,26. Since July 1998, we started to apply
BD for cerebral embolism resistant to chemical
fibrinolysis to raise the recanalization rate and
reduce the incidence of haemorrhagic infarct.
In this study we reviewed our treatment results
and evaluated the rationale of BD in the treat-
ment of acute embolism of major cerebral ar-
teries.

Material and Methods

Case Material

Sixty-one consecutive cases with cerebral em-
bolism, treated by endovascular approach from
September 1993 to December 2002, were re-
viewed retrospectively. Diagnostic criteria of
cerebral embolism were based upon those of
the Cerebral Embolism Task Force 2. Diagnosis
of cerebral embolism can be made easily in
most of our cases depending on sudden occur-
rence of neurological deficits, abrupt occlusion

of the major cerebral artery on angiography
and history of heart disease. There were 51 cas-
es with acute embolism in the anterior circula-
tion (M1 portion of the MCA and A1 portion
of the anterior cerebral artery (ACA)) and ten
cases with embolism in the posterior circula-
tion (basilar artery and P1 portion of the poste-
rior cerebral artery (PCA)).

Exclusion Criteria

Patients with 4 or 5 pre-critical modified
Rankin Scale score 29.

Patients with obvious infarction detected by
CT on admission.

Patients who arrived at the angiography
suite more than six hours after onset.

Patients with occlusion of the internal caro-
tid artery.

Patients with occlusion of the cortical cere-
bral artery only.

Exceptionally, seven cases with obscure time
of stroke onset were included because early CT
signs were confined to less than one third of
the MCA distribution on admission 22,30.

Treatment Procedure

Each patient’s relative provided informed
consent after the head CT scan had been inter-
preted by board-qualified neuroradiologists.
Immediately after the placement of a sheath in-
troducer into the femoral artery, 5000 units of
Heparin were administered intravenously. Then
a 5-7 French guiding catheter was placed into
the relevant cervical or vertebral cerebral ar-
tery. Cerebral angiography was performed to
evaluate the site of occlusion and the degree of
development of collaterals. 1000 units of He-
parin were added every hour during the reper-
fusion procedure. The tip of a microcatheter
was advanced distally bypassing the embolus
using a guidewire. While pulling back the mi-
crocatheter, a small amount of contrast materi-
al was injected through it to confirm the distal
end of the embolus.

The procedure of intra-arterial fibrinolysis
was performed as follows: Starting gentle pul-
satile injection of UK with the tip of a micro-
catheter placed just beyond the embolus, the
microcatheter was gradually pulled back to-
wards the proximal end of the embolus. The
procedure was repeated until satisfactory re-
canalization was attained. We used a Stealth or
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Initially, BD was added when not enough re-
vascularization was obtained by local infusion
of 240,000 units of UK. When partial recanal-
ization or dissemination of embolus was seen
after BD, local UK infusion was added until
satisfactory recanalization was attained. After

Table 1  Characteristics of study patients

IA* group BD** group Significance
(N=31) (N=30)

Age (Y) 70 ± 8 70 ± 12 N.S.***

Gender (N)
Male 27 22
Female 4 8 N.S.

Occlusion site (N)
Middle Cerebral Artery 26 24
Anterior Cerebral Artery 1 0
Posterior Cerebral Artery 1 1
Basilar Artery 3 5 N.S.

Japan Coma Scale 24,25 on arrival (N)
1-3 12 14
10-30 11 8
100-300 8 8 N.S.

Time from onset to
endovascular therapy (min) 176 ± 62 179 ± 65 N.S.

Period of hospitalization (days) 42 ± 30 37 ± 22 N.S.

Recanalization (N)
High grade 13 (41.9%) 23 (76.7%)
Low grade 18 (58.1%) 7 (23.3%) P = 0.006

Consciousness alert 9 19
on discharge (N) (29.0%) (63.3%) P = 0.007

Modified Rankin Scale
score 0-1 on discharge (N) 7 (22.6%) 12 (40.0%) N.S.

Modified Rankin Scale
score 0-3 on discharge (N) 13 (41.9%) 21 (70.0%) P = 0.027

Urokinase (Units) 388,000 ± 231,000 194,000 ± 191,000 P = 0.001

Haemorrhagic infarct within
24 hours after the procedure (N) 6 (19.4%) 2 (6.7%) N.S.

Haemorrhagic infarct 12 (38.7%) 5 (16.7%) N.S.
during hospitalization (N) (P = 0.055)

*Intra-arterial fibrinolysis  **Balloon disruption  ***NS, Not significant

Gateway angioplasty balloon catheter (Boston
Scientific Inc., Massachusetts, U.S.A.) with a 2.0
to 3.0 mm maximum diameter for BD. A bal-
loon catheter was placed beside the embolus
using a guidewire and was inflated applying 2-6
atm for 30-60 seconds.
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Figure 1 Neurological and survival prognosis on discharge. A) Significantly more patients were discharged alert in the high-
grade recanalization group than the low-grade recanalization group (p < 0.005). B) Significantly more patients attained fa-
vorable outcome (mRS score 0-1) in the high-grade recanalization group (p < 0.05), and significantly more patients were am-
bulatory (mRS score 0-3) in the high-grade recanalization group (p< 0.005). Significantly fewer patients died during hospi-
talization in the high-grade recanalization group (p < 0.05).

Table 2  Japan Coma Scale

Grade Consciousness Level

1-digit code the patient is awake without any stimuli, and is:
1 almost fully conscious
2 unable to recognize time, place, or person
3 unable to recall name or date of birth

2-digit code the patient can be aroused (then reverts to previous state
after cessation of stimulation):

10 easily by being spoken to (or is responsive
with purposeful movements, phrases, or words)**

20 with loud voice or shaking of shoulders (or is almost always responsive
to very simple words like yes or no, or to movements)**

30 only by repeated mechanical stimuli

3-digit code the patient cannot be aroused with any forceful mechanical stimuli, and:
100 responds with movements to avoid the stimulus
200 responds with slight movements including decerebrate and decorticate posture
300 does not respond at all except for change in respiratory rhythm

* “R” and “I” are added to the grade to indicate restlessness and incontinence of urine and feces, respectively:
for example; 100-T and 30-RI. ** Criteria in parentheses are used in patients who cannot open their eyes for any reason.

(from Ohta T, Kikuchi H et Al, J Neurosurg 64: 420-426, 1986)

Japan Coma Scale for grading of impaired consciousness*

Fig. 1A

Fig. 1B



Figure 2 Relationship between dose of UK and incidence
of haemorrhagic infarct and recanalization. A) Degree of
recanalization in IA group. There was no significant differ-
ence in dose of UK between 13 cases with high-grade re-
canalization and 18 cases with low-grade recanalization
(p = 0.135). B) Haemorrhagic infarct among 50 patients trea-
ted with UK. A significantly higher dose of UK was given to
6 patients with intracranial haemorrhage than the other 44
patients (p< 0.01). The cut-off level seems to be around
400,000 Units.
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experiencing dramatic recanalization in several
cases by BD alone, the protocol was slightly
changed as follows; BD preceded fibrinolysis
when arteriosclerotic changes of the parent
artery were not prominent, caliber of the oblit-
erated artery exceeded 2 mm and few distal
emboli were identified.

Radiological assessment
of the result of reperfusion

Control angiography was performed just af-
ter the reperfusion procedure to evaluate the
degree of recanalization. Angiographic re-
sponses were graded using modified TIMI cri-
teria. A high-grade recanalization, modified TI-
MI grade 3, was defined to be a complete or
near complete recanalization with or without a
few fragmented emboli in distal branches. Pa-
tients who did not meet the above mentioned
criteria were included in a low-grade recanal-
ization group.

Head CT scan was performed immediately
after the reperfusion procedure, and was re-
peated 1-2 times within 48 hours after the pro-
cedure to detect haemorrhagic transformation
of the infarct. A focal extreme hyperdense le-
sion seen on head CT just after the procedure
but disappearing within 12 hours was regarded
as leakage of contrast media. Intracranial hae-
morrhage seen more than 24 hours after the
procedure was regarded as irrelevant to the
procedure.

Outcome Assessment

Level of consciousness and mRS score were
evaluated at the time of discharge (3 to 107
days, mean 40 days). We regarded cases with
mRS scores 0 or 1 as favorable outcome, and
cases with mRS scores 0,1,2 and 3 ambulatory.

Statistical Analyses

Continuous variables were expressed as
means ± 1 SD. To determine the normal distri-
bution of variables, we used the Shapiro-Wilk
test. According to this result, Mann-Whitney
U-test was used for nonparametric comparison.
Differences between the groups in categorical
variable were analyzed by the chi-square test
or Fisher’s exact test. A P value of less than
0.05 was considered to indicate statistical sig-
nificance.

Results

Characteristics of the Study Population

Thirty-one patients who underwent intra-ar-
terial UK infusion alone were defined as the
IA group, and the other thirty patients who
underwent intracranial BD with or without in-
tra-arterial UK injection were defined as the
BD group. There was no significant difference
in age, gender, occlusion site, Japan Coma
Scale 24,25 (table 2) on arrival, time lapsed from
onset of symptoms to endovascular therapy, or
period of hospitalization between these two
groups (table 1).

Fig. 2A

Fig. 2B



Endovascular Treatment of Acute Embolism of the Major Cerebral Arteries S. Ota

218

Judging from the radiological assessment cri-
teria above, 36 out of 61 patients were defined
as belonging to the high-grade recanalization
group, and the other 25 to the low–grade reca-
nalization group.

Analysis 1) Clinical improvement derived
from recanalization

Comparing the high-grade recanalization
group with the low-grade recanalization group,
significantly more patients were discharged
alert (61.1% (22/36) vs. 24.0% (6/25), p < 0.005)
(figure 1A), significantly more patients attained

favorable outcome (mRS score 0-1) on dischar-
ge (41.7% (15/36) vs. 16.0% (4/25), p < 0.05) (fig-
ure 1B), significantly more patients were ambu-
latory (mRS score 0-3) on discharge (72.2%
(26/36) vs. 32.0% (8/25), p < 0.005) (figure 1B),
and significantly fewer patients died during
hospitalization (2.8% (1/36) vs. 24.0% (6/25),
p < 0.05) (figure 1B). There was no significant
difference in incidence of haemorrhagic trans-
formation within 24 hours after stroke onset
between the high-grade recanalization group
and the low-grade recanalization group (11.1%
(4/36) vs. 16.0% (4/25), p=0.426). Relatively fe-
wer patients presented haemorrhagic transfor-

Figure 3 Results by recanalization procedure. A) Significantly more patients attained high-grade recanalization in the BD
group than the IA group (p< 0.01). B) Significantly more patients were discharged alert in the BD group (p< 0.01). C) Al-
though there was no significant difference in favorable outcome (mRS score 0-1) on discharge (p = 0.142), significantly more
patients were ambulatory (mRS score 0-3) in the BD group (p < 0.05).

Fig. 3A

Fig. 3B

Fig. 3C
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mation during hospitalization in the high-grade
recanalization group than the low-grade re-
canalization group (19.4% (7/36) vs. 28.0%
(7/25), p = 0.078).

Analysis 2) Relationship between dose of UK
and incidence of recanalization
and intracranial haemorrhage

Local intra-arterial UK infusion was per-
formed on 50 patients (31 patients of the IA
group and 19 patients of the BD group). The
amount of UK injected through microca-
theters ranged from 120,000 to 1,020,000 units
(median 270,000 Units). Concerning the rela-
tionship between dose of UK and degree of re-
canalization among 31 patients in IA group,
there was no significant difference between 13
cases of the high-grade and 18 cases of the
low-grade recanalization groups (468,000 ±
268,000 units and 330,000 ± 187,000 units,
p = 0.135) (figure 2A). Haemorrhagic transfor-
mation within 24 hours after the reperfusion
procedure occurred in six patients out of all 50
patients who underwent fibrinolysis (12.0%
(6/50)). Dose of UK was significantly higher in
haemorrhagic cases than non-haemorrhagic
cases (620,000 ± 300,000 units vs. 321,000 ±
164,000 units, p < 0.01) (figure 2B).

Analysis 3) Efficacy of BD in improving
clinical outcome and reducing dose of UK

Comparing the BD group with the IA
group, significantly more patients attained
high-grade recanalization (76.7% (23/30) vs.
41.9% (13/31), p < 0.01) (figure 3A) and signif-
icantly more patients were discharged alert
(63.3% (19/30) vs. 29.0% (9/31), p < 0.01) (fig-
ure 3B). Although there was no significant dif-
ference in favorable outcome (mRS score 0-1)
(40.0% (12/30) vs. 22.6% (7/31), p = 0.142), sig-
nificantly more patients were ambulatory
(mRS score 0-3) on discharge in the BD group
than the IA group (70.0% (21/30) vs. 41.9%
(13/31), p < 0.05), (figure 3C). A significantly
lower dose of UK was given to the BD group
than the IA group (194,000 ± 191,000 units vs.
388,000 ± 231,000 units, p = 0.001) (figure 4).
Relatively less haemorrhagic transformation
of infarct was seen in the BD group than the
IA group during hospitalization (16.7% (5/30)
vs. 38.7% (12/31), p = 0.055). Concerning the
technical complications of BD, there was one

death from severe subarachnoid haemorrhage
caused by dissection of the MCA during the
procedure.

Discussion

There has been a tremendous advance in
the technique of intracranial navigation in the
last two decades, and the microcatheter tech-
nique allows us to perform local intra-arterial
fibrinolysis for cerebral embolism. As an em-
bolus lodging in the major cerebral arteries is
elastic hard, the tip of a microcatheter can be
easily advanced between the embolus and ar-
terial wall by the aid of a guidewire which by-
passes an embolus without penetrating it.
Then fibrinolysis can be performed effectively
by delivering a high concentration fibrinolytic
agent into the blood stagnating just distal to
the embolus or directly into the embolus ma-
trix from the microcatheter 10,34. Thus, local in-
tra-arterial infusion of fibrinolytic agent made
effective revascularization of acute oblitera-
tion of cerebral arteries, using less fibrinolytic
agent, beyond the three-hour therapeutic time
window.

The drawback of this therapy, however, is the
increased incidence of haemorrhagic transfor-
mation 9. This seemed related to the high con-
centration of fibrinolytic agent infused locally
into the ischemic area where vascular bed is al-
so damaged. Because of this dilemma, use of a
large amount of fibrinolytic agent has been
withheld for patients with poor collaterals and
for those with obscure time of onset. This was

Figure 4 Difference in UK dose by recanalization proce-
dures. A significantly lower dose of UK was given in the BD
group (p= 0.001).

Fig. 4



Endovascular Treatment of Acute Embolism of the Major Cerebral Arteries S. Ota

220

the main reason for failure to achieve high-
grade recanalization in more than half of our
patients undergoing local intraarterial fibrinol-
ysis (LIF) (table 1).

There is still considerable skepticism about
the value of aggressive reperfusion procedure
for cerebral embolism 33. Our study, however,

demonstrated that comparing the high-grade
recanalization group with the low-grade re-
canalization group, significantly more patients
were discharged alert (figure 1A), significantly
more patients attained a favorable outcome
(mRS score 0-1) on discharge, significantly mo-
re patients were ambulatory (mRS score 0-3)

Figure 5 Illustrative case. 73-year-old male with old myocardial infarction and congestive heart failure suddenly presented
with left hemiplegia and disturbance of consciousness while having dinner. A,B) Right internal carotid injection revealed an
embolus lodging in the right MCA (arrows in the distal M1 portion, TIMI Grade 0). C,D) Immediate recanalization of the
M1 segment was observed after balloon disruption of the embolus. 240,000 units UK were infused locally, but the distally mi-
grated fragment did not dissolve (arrows in figure 5D). The procedure was terminated as all the neurological deficits quick-
ly disappeared.

A
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on discharge and significantly fewer patients
died during hospitalization (figure 1B). Our
study also showed that by simply increasing the
dose of UK an increased rate of high-grade re-
canalization cannot be expected, but haemor-
rhagic infarction is more likely (figure 2A,B).

Concerning the atherosclerotic occlusion of
the major cerebral arteries, a microcatheter can
be easily passed through the clot matrix. Re-
canalization can be attained by disrupting the
thrombus by frequent passage of a microca-
theter and delivering a small amount of fibri-
nolytic agent 5. As there is a high tendency to
re-occlude, BD on the atheromatous plaque is
necessary to ensure patency of the vessel 27. An-
gioplasty for atherosclerotic vessels needs high-
er balloon inflation pressure than that for va-
sospasm. Though the previous experience with
BD for intracranial circulation is limited, the
major complication rate was as high as 38% in
early 90’s and 9-10% in mid-90’s 7,12. Because of
these problems, the target of LIF has been re-
stricted to cerebral embolism at many insti-
tutes. In the last several years, however, a high
profile angioplasty balloon catheter that allows
precise calibration of the inflation diameter be-
came available. In addition to such technical
advance, by selecting short concentric or mod-
erately eccentric lesions as the main targets of
treatment, there has been a remarkable im-
provement in treatment results of BD for in-
tracranial atherosclerotic lesions and a promi-
nent reduction in the complication rate 18,19,21.

Encouraged by these results, some Japanese
interventionists started to perform angioplasty
in the late 90’s on cerebral embolism after a
failed attempt at chemical fibrinolysis 14,28. Our
study clearly showed the positive effects of BD:
significantly more patients attained high-grade
recanalization (figure 3A), and significantly
more patients were discharged alert in the BD
group than the IA group (figure 3B). There was
no significant difference in favorable outcome
(mRS score 0-1). This is because of the severity
of stroke caused by the occlusion of the major
cerebral arterial trunk. However, significantly
more patients were ambulatory (mRS score 0-
3) on discharge in the BD group than the IA
group (figure 3C). Also, it may be said that BD
contributed to reducing the dose of UK used
for recanalization, but it did not contribute to
reduce the incidence of haemorrhagic infarc-
tion (figure 4).

Concerning the technical complications of
BD, there was one death from severe subarach-
noid haemorrhage caused by dissection of the
M2 portion of the MCA. This complication hap-
pened when performing balloon angioplasty on
an embolus that was partially fibrinolysed and
dislodged distally. Our experience showed that
balloon angioplasty of cerebral embolism can
be performed safely if restricted to the pa-
thology of more proximal cerebral arteries.

Alternative treatments for emboli resistant
to fibrinolytic therapy and BD are eagerly
awaited. What will be the future treatment for
cerebral embolism? Some authors claim that
combined intravenous and intra-arterial thera-
py is better than LIF 17. Also, there are many pa-
pers on the dramatic effects of glycoprotein
IIb-IIIa receptor inhibitor abciximab on resis-
tant emboli 13,16. However, the relatively high in-
cidence of symptomatic or catastrophic haem-
orrhage cannot be avoided by such powerful
chemical measures 4,20.

Occasionally a resistant cerebral embolus
can be quickly recovered by a transcatheter ap-
proach using a commercially available snare
for foreign bodies 6,31,32. Encouraged by such suc-
cess, several investigators are working on a
cerebral embolus retriever to raise the success
rate and enhance the safety factor 11.

Conclusions

Although no final conclusions can be made
from our retrospective study, a favorable out-
come for acute embolism of the major cerebral
arteries is expected by attaining good recanal-
ization. In addition, BD is an effective tech-
nique that can achieve high-grade recanaliza-
tion by itself or reducing the dose of fibrinolyt-
ic agent. Intracranial BD is deemed a safe and
effective procedure for acute cerebral em-
bolism to improve clinical outcome.
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EDITORIAL COMMENT

The authors report a series of 61 patients with occlusion of intracranial artery treated by en-
dovascular method. Thirty of them were treated by balloon disruption alone or in conjunction with
intra-arterial fibrinolysis. Thirty-one patients treated by intra-arterial fibrinolysis alone were used as
the control group.

In this paper, the authors conclude that:
– A favourable outcome can be obtained in case of good recanalization
– balloon disruption is an effective technique
This paper is interesting because it shows:
– doses of urokinase can be reduced if this treatment is associated with a balloon disruption of

the arterial lesion
– the reduction of risk of intracerebral haemorrhage
However if this study does not bring definitive arguments, to prove the efficacy of balloon dis-

ruption, it shows the feasibility of their techniques.
The evidence that we need would certainly require prospective randomized study and acute de-

termination whether the occlusion is exclusively located on one internal carotid branch and if asso-
ciated with additional common carotid artery lesions. The size of the embolus is certainly important.

MR imaging would certainly be contributive in the follow up of such interesting study.

J.F. Meder, M.D.
Neuroradiology

Sainte-Anne Hospital; France




